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(a) To obtain, after quenching, pieces of steel which are not brittle and
possess sufficient surface hardness to prevent rapid wear by friction. Such
is the object of treating toothed wheels for gearing, axles, cams and rods of
valve gears, and a large quantity of machine parts destined to stand both
friction and considerable strains, such as flections, shocks, etc.

In the greater part of these cases the cementation is limited to a thin
surface zone, and the thermal treatment to which the piece is subjected
afterward must be studied with the greatest care with the ultimate objects
in view of making the cemented zone hard and of giving the maximum
tenacity to the "heart" of the piece, thus neutralizing the harmful effect
produced by the long heating in the cementation process.

(#) To render possible, or at least easier, the efficient hardening of pieces
of large dimensions and of complicated and irregular form which, if they were
entirely of steel of high carbon content, would be exceedingly difficult to.
harden without the production of fractures or cracks.

, (c) To render considerably less the cost of steel objects in which the parts
which are to "take the hardness" constitute only a small portion (in general,
the outside portion) of the total mass. This is attained by the smaller cost
of the raw material and the smaller expense of machining the softer material.

(d} To obtain at low cost pieces of steel capable of taking a beautiful
polish.

The quality of the raw materials used for pieces intended to be cemented
superficially naturally varies within very wide limits, according to the
purposes for which these pieces are to be used. It is not possible to es-
tablish general rules in this respect. We will take occasion later to cite some
concrete and precise data in some special cases.

Whenever it is not necessary that the soft nucleus should possess special
qualities of resistance to shock and stress (such is, for example, the case for
many cutting utensils), ordinary carbon steel is used as raw material, for
reasons of economy. It may be specially noted that, contrary to what is
considered good practice in the case of the total cementation of materials in-
tended to be fused or strongly forged after the cementation (see p. 203), it is
advantageous, and in many cases necessary, to use steels proper, obtained by
fusion, instead of puddled or wrought irons. This might be considered
evident a priori, when we remember that the presence of veins and granules
of slag would not only be in itself a detriment in any piece subjected to strong
friction or to other localized forces, but it would give rise to deep-seated
irregularities in the cementation and is also the principal, if not the sole,
cause of the formation of "blisters" (see p. 215), which would render useless
a piece not further worked hot but used practically as it is. Practice con-
firms the fact that the use of fused steels, free from scoriae, avoids the forma-                    \
tion of the blisters.

In those cases in which it is necessary that the soft nucleus of the cemented